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T4NS liposomes, which contain the DNA repair en-
zyme T4 endonuclease V, were applied to mouse skin 
in vivo and added to cultured murine keratinocytes in 
vitro. The fate of the liposome membrane was followed 
using a fluorescent, lipophilic dye, and the fate of the 
enzyme was traced by immunogold labeling, followed 
by brightfield, fluorescence, or transmission electron 
tnicroscopy. In vivo, T4NS liposomes penetrated the 
stratum corneum, localized in epidermis and appen-
dages of the skin, and were found inside basal keratino-
cyt:es. The enzyme was found inside keratinocytes 
treated in vitro and in the epidermis, hair follicles, and 
sebaceous glands of topically treated skin. Ultrastruc-
tural studies demonstrated the presence of liposomes 
L iposomes are microscopic lipid membrane vesicles that offer a new delivery vehicle for topical application of biologically active molecules. Despite early discourag-ing reports, recent results have shown that liposome encapsulation can increase the therapeutic activity of 
some topically administered drugs [1] . 
We have used liposome-encapsulated DNA repair enzymes to 
enhance the removal oflesions in DNA after ultraviolet (UV) irra-
diation [2] . These T4N5 liposomes contain T4 endonuclease V, 
a 16,OOO-dalton DNA repair enzyme that cleaves DNA at the site 
of UV-induced cyclobutane pyrimidine dimers. The liposome 
membrane is pH sensitive, which presumably facilitates intracel-
lular release of the enzyme. T4N5liposomes increased DNA repair 
in UV-irradiated human keratinocytes in vitro [3], and topi-
cal application of a lotion containing T4N5 liposomes to mice 
after UV -B irradiation prevented systemic immunosuppression 
of contact and delayed-type hypersensitivity [4] and reduced the 
incidence of skin cancer [5]. The systemic immune suppression 
associated with UV irradiation is accompanied by the induction 
of antigen-specific, suppressor T lymphocytes [6], and treat-
ment with T4N5liposomes also abrogated suppressor T-cell induc-
tion [4]. 
Soluble mediators released from UV-irradiated cells in skin may 
initiate the cascade of events leading to immunosuppression [7]. and 
T4N5 liposomes have been shown to reduce release of soluble me-
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in the cytoplasm of cells in the epidermis often con-
centrated in a perinuclear location. The enzyme was 
present in both nucleus and cytoplasm ofkeratinocytes 
and Langerhans cells. Liposomes were found in cells of 
the lymph nodes draining the site of contact sensitiza-
tion, in association with topically applied antigen. The 
results demonstrate that liposomes can deliver encap-
sulated proteins into cells of the skin in vivo and provide 
insight into how liposome-enhanced DNA repair re-
duces UV -induced skin cancer and systemic immuno-
suppression in mice. Key words: liposomes/ epidermis/T4 
endonuclease V /hair follicle. ] Invest Dermatol 103:461-
468,1994 
diators that activate viral transcription from UV-irradiated cells [8]. 
We hypothesize that in vivo topically applied T4N5 liposomes tra-
verse the stratum corneum ~nd enter keratinocytes that are damaged 
by UV, as well as cells that mfluence the T-cell-mediated immune 
response in the UV-irradiated host. To test this hypothesis directly 
and to improve our understanding of the mechanism by which 
liposomes deliver agents to the skin, we have undertaken morpho-
logic studies of the fate ofT4N5 liposomes and T4 endonuclease V 
in keratinocytes in vitro and in mouse skin. We found that T4N5 
lipo~omes p~netrate t~e str~tum corneum, localize in the epidermis, 
particularly m the hair folltcles, and enter epidermal keratinocytes. 
I? ly~ph nodes draining th~ site of liposome and antigen applica-
tIOn,. ltposo.mes were found 111 cells that had also taken up topically 
apphed antigen. 
MATERIALS AND METHODS 
T4NS Liposomes T4N5 liposomes were prepared and characterized as 
described. in Yarosh et ai, 1992 [5]. The encapsulated enzyme was assayed 
for activIt)' after hposome formulation by the standard activity assay, 
which measures the ability of dissolved T4N5 liposomes to incise UV-
irradiated plasmid DNA. Free T4 endonuclease was labeled with the fluo-
rescent dye 7-amino-4-methylcoumarin-3-acetic acid (AMCA-sulfo-NHS, 
Pierce, Rockford, IL), as directed by the manufacturer. The lipid mem-
brane of the T4N5 liposome was labeled with the fluorescent, lipophilic 
dye 1,1' -dlOctadecyl-3,3,3',3' -tetramethylindocarbocyanine perchlorate 
(Oil, Molecular Probes, Eugene, OR). Oil was prepared at 10 mg/ml in 
dimethyl sulfoxide (DMSO) with heating at 37"C and sonication to en-
sure complete dissolution. One and one-half milliliters of T4N5 lipo-
somes (5 Jig/ml) was mixed with 1.5 ml 0.3 M sucrose, pH 8, and 180 III 
Oil and incubated at 37'C in the dark. The mixture was then dialyzed 
against 500 ml of 0.15 Msucrose, pH 8, in a 37 ' C water bath for 60 min, and 
the liposolPes then were separated from free Oil by gel filtration using 
Sephadex G-75 and elution with phosphate-buffered saline (PBS). The in-
tegrity of the liposomes was confirmed by fluorescence microscopy. T4N5 
liposome lotion was prepared by diluting the T4N5 liposomes into 20 
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volumes of neutralized 1.5% Cacbopol 941 with 0.5% phenonip as a preser-
vative. 
Mouse Cells The Balb/c transformed keratinocyte line Pam-212 was 
cultured in Eagle's medium with 10% fetal bovine serum. Liposomes were 
diluted in medium containing 4% serum immediately before their addition 
to the cultured cells. For immunohistochemistry, the cells were grown on 
glass coverslips, fixed with cold (-20·C) acetone for 10 min, rinsed with 
PBS, and incubated with rabbit polyclonal antibody against T4 endonu-
clease V. Antibody binding was visualized by the immunogold-silver 
staining technique. 
Mice Specific-pathogen- free C3H/HeNCr (mammary tumor virus neg-
ative) female mice were maintained as described in Kripke et ai, 1992 [4]. 
The animal facility is accredited by the American Association for Accredita-
tion of Laboratory Animal Care; procedures were approved by the Insti-
tutional Animal Care and Use Committee. The UV-B source was a bank 
of six FS40 sunlamps (National Biological Corp., Twinsburg, OH). The 
dorsal fur of the mice was shaved with electric clippers before irradiation 
with 5 kJ/m2 • Immediately after UV irradiation, the mice were treated with 
Dil-T4N5 liposome lotion. At various times after treatment, the mice were 
killed, and the treated skin was excised and fixed in 4% parafonnaldehyde. 
The samples were embedded in paraffin and sectioned at 4 - 5 J.lm onto glass 
slides. 
U nirradiated mice were shaved and treated with 400 J.lI of 0.5% fluores-
cein isothiocyanate (F1TC) in acetone, followed by Dil-T4N5 liposomes. 
After 18 h the draining lymph nodes were collected, and a single-cell sus-
pension was spotted onto slides. 
Light Microscopy For fluorescence microscopy, the cells were fixed 
with methanol, mounted with 50% slow-fade (Molecular Probes)/50% 
glycerol, and viewed by epifluorescence microscopy using the rhodamine 
exciter/barrier filter set to visualize Dil staining, and the green barrier filter 
was set to visualize FITC staining. For immunohistochemistry, paraffin 
sections of skin were dewaxed, hydrated, and incubated with rabbit poly-
clonal antibody against T4 endonuclease V [5]. Antibody binding was visu-
alized by secondary staining with gold-labeled goat anti-rabbit antibody and 
enhanced with Silver Intense (Amersham Corp., Arlington Heights, IL). 
Positive reactions were indicated by brown-black staining. Stained sections 
were examined with brightfield microscopy. 
Fluorescence Microscopy of Frozen Sections Skin samples contain-
ing Dil-liposomes were placed in O .C.T. compound (Miles Laborator-
ies, Elkhart, IN) and frozen in liquid nitrogen, and 8-J.l cryostat sections 
were fixed in 4% paraformaldehyde in PBS for 2 min. The sections were 
mounted with glycerol/PBS containing propyl gallate, and fluorescence 
was examined using two types of filter sets: a rhodamine exciter/barrier 
filter set and a multi-spectral filter set (DAPI/F1TC/Texas red, Chroma 
Technology Corp., VT). Images were recorded using conventional photo-
graphic film, as well as by digitizing the image using a cooled CCD 
Optronics Tec 470 camera (Optronics Engineering, Goleta, CAl linked 
to a computer and a Sony digital color printer (Sony Corp., Tokyo, 
Japan) . 
Electron Microscopy Immunoelectron microscopy was performed ac-
cording to the procedure ofStossel et al [9]. Briefly, skin samples were fixed 
in Karnovsky's half-strength formaldehyde/glutaraldehyde fixative for 1 h, 
washed with 0.1 M cacodylate buffer, postfixed with 1 % aqueous osmium 
tetroxide for 1 h, washed with distilled water, and stained ell bloc with 1 % 
aqueous uranyl acetate for 30 min. The samples were dehydrated in a graded 
series of ethanols, infi ltrated in a graded series of propylene oxide/Epon 
mixtures, embedded in Epon 812, and polymerized at 60·C for 24 h. Ul-
trathin Epon sections were mounted on nickel grids and etched with 2% 
sodium periodate for 30 min and rinsed with several changes of Tris-bnf-
fered saline (TBS), pH 7.3. All immunoreagents were diluted w ith TBS 
containing 1 % bovine serum albumin (BSA) plus 1 % normal goat serum and 
0.1 % Tween-20. Immunogold labeling was performed by sequential incu-
bation of grids with the following reagents: 50 J.lg/ml of affinity-purified 
rabbit anti-T4 endonuclease V antibody for 2 h at room temperature, and 
1 : 10 dilution of Auroprobe goat anti-rabbit antibody (15 nm gold) (Amer-
sham) for 1 h. After each step, the grids were washed in TBS followed by 
three to-min incubations in TBS-BSA. After the last incubation, grids were 
washed with TBS, rinsed with distilled water several times, dried, and coun-
terstained with uranyl acetate and lead citrate in an LKB ultrastainer (Phar-
macia LKB Nuclear, Gaithersburg, MD). The samples were examined in a 
JEOL 1200-EX transmission electron microscope at 80 kV. Negative stain-
ing of the liposome preparation was achieved using a 0.5% solution of 
ammonium molybdate [10]. and the dried preparations were examined in the 
electron microscope at 60 kV. 
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Figure 1. T4N5 liposomes are multilamellar. Electron micrographs of 
negatively stained T4N5 liposomes show their distinct multilamellar mor-
phology. 
In vivo Activity ofT4N5 Liposomes Mice were exposed to to kJ/m2 
UV-B radiation on shaved dorsal skin. Immediately thereafter, 0.25 ml of 
T4N5 liposome lotion containing 0.5 J.lg/ml of active enzyme or heat-inac-
tivated enzyme was applied to the UV-irradiated skin [4]. Three days later, 
the mice were sensitized by applying 400 J.lI of 0.5% FITC on shaved 
abdominal (unirradiated) skin, as described previously [4] . Five days after 
sensitization, these mice and unsensitized controls were challenged by 
painting 5 J.lI of the FITC solution on both surfaces of each ear. Ear swelling 
was assessed at 24 h after challenge. For assessing delayed hypersensitivity, 
mice were sensitized by injecting 2 X 107 formalin-fixed Calldida albicalls 
subcutaneously in each flank. N inc days later, these mice and unsensitized 
controls were challenged in the hind footpads with 50 J.l I of candida antigen 
(Berkeley Biologicals, Berkeley, CAl. The footpads were measured before 
and 24 h after challenge to assess footpad swel ling [4]. Each group contained 
five mice. To test the specificity of the T4N5 liposome treatment for UV-
induced DNA damage, additional groups of mice were treated with 8-meth-
oxypsoralen (8-MOP; Sigma, St. Louis, MO) and UV-A (320-400 nm) 
radiation (PUVA) instead ofUV-B radiation, followed by T4N51iposome 
lotion application and sensitization. PUV A treatment consisted of one appli-
cation of 4 mg 8-MOP in 400 J.lI 70% ethanol to shaved dorsal skin; after 1 h 
in the dark, the mice were exposed to 20 kJ/m2 UVA radiation from Derma-
light 2001 (Dermalight Systems, Studio City, CAl, which was filtered to 
remove wavelengths below 320 nm [11]. PUVA treatment also causes DNA 
damage and systemic immune suppression in mice [12], but the types of 
DNA damage induced by PUVA are not repaired by T4 endonuclease V 
(data not shown). 
RESULTS 
In Vitro Studies Electron n'licrographs of the T4NS liposome 
preparation revealed a popu lation of multilamellar vesicles esti-
mated at approximately 0.1 11m in diameter (Fig 1). This is consist-
ent with the observation that filtration of T4NS liposorres in cell 
culture medium through a 0 .2-J.lm filter had no effect on the ability 
of the liposomes to enhance DNA repair synthesis in UV -irradiated 
human cells (data not shown). 
Dil is a lipophilic, non-toxic, highly fluorescent dye widely used 
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in tracing liposomes because it is very resistant to transfer between 
membranes in aqueous medium [13]. Treatment of T4N5 lipo-
somes with Dil produced highly fluorescent liposome membranes 
easily visible by fluorescence microscopy. Within 1 h of the addi-
tion of Dil-labeled T4N5 liposomes to cultured Pam-212 cells, 
cytoplasmic staining was observed, particularly in the region 
surrounding the nucleus (Fig 2) . The punctate fluorescence sug-
gests liposomes bound or internalized without fusion, whereas 
the widespread diffuse fluorescence in the cytoplasm indicates 
that T4N5 liposome membranes had fused with cellular mem-
branes within 1 h after addition. In fact, this diffuse staining 
was first observed among some cells within 10 min of adding the 
liposomes, suggesting that uptake and fusion are relatively rapid 
processes. 
The liposomes also delivered T4 endonuclease V into the cells. 
UV-irradiated Pam-212 cells treated with T4N5liposomes for 1 h 
and stained with gold-labeled antibody against the endonuclease 
SKIN PENETRATION BY LlPOSOMES 463 
Figure 2. T4N5 liposomes fuse their 
membranes with those of mouse kerat-
inocytes. Fluorescence (A) and phase-contrast 
(B) micrographs of mouse Pam-212 keratino-
cytes 1 h after trearment with Dil-labeled 
T4NS liposomes in cell culture. 
exhibited cytoplasmic and nuclear staining (Fig 3). The staining 
was stronger in the cytoplasm than in the nucleus, suggesting 
that the enzyme was initially in the cytoplasm and entered the nu-
cleus by passive diffusion. T4 endonuclease V is a DNA binding 
protein, but like other prokaryotic proteins, it does not contain 
a nuclear localization signal. The most darkly staining cells in 
Fig 3 are found on the periphery of the cell cluster. In other cell-
culture models, liposome uptake is receptor mediated [14], and their 
availability may be different on these cells than on cells in the 
interior. The entry of enzyme into the cell is specifically mediated 
by liposomes, because addition of fluorescent AMCA-Iabeled T4 
endonuclease V without liposomes to the cell culture media did not 
result in uptake of the fluorescent dye by the cells (data not 
shown). 
In Vivo Studies A hydrogel lotion containing Dil-Iabeled T4N5 
liposomes was applied to the shaved skin of UV-irradiated C3H 
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Figure 3. T4N5 liposomes deliver T4 endonuclease V into mouse 
keratinocytes. Anti-T4 endonuclease V antibody was used to examine 
mouse Pam-212 keratinocytes 1 h after treatment with T4N5 liposomes. 
Antibody binding was visualized by the immunogold-silver staining tech-
nique (regions of black color) with Nomarski micrography. 
mice. By 1 h, the fluorescent liposomes had penetrated the stra-
tum corneum and localized in the epidermis, as well as in cells 
surrounding the hair follicles (Fig 4). The hair follicle has been 
recognized as an important route of entry for topically applied lipo-
somes [15]. The liposomes remained localized in the epidermis and 
hair follicles, with little penetration into the dermis up to 18 h 
(Fig 4). Unirradiated or UV -irradiated skin not treated with Dil 
liposomcs showed only autofluorescence of the hair shaft (not 
shown). 
The functional activity of the T4N5 liposome preparation was 
assessed by determining its ability to prevent UV -B - induced im-
mune suppression in vivo. A representative experiment is shown in 
Fig 5. Both UV -B radiation and PUV A treatment decreased the 
contact hypersensitivity response to FITC (top) and the delayed 
hypersensitivity response to candida antigen (bottom). Application 
of liposomes containing heat-inactivated T4 endonuclease V did 
not alter the suppressive effect of the treatments. In contrast, appli-
cation of active T4N5 liposomes immediately after UV -B irradia-
tion, but not PUV A treatment, restored both immune responses. 
These experiments demonstrate that the T4N5 liposome prepara-
tions were active in vivo and that they were specific for UV-B-
induced immune suppression. 
UV-irradiated C3H mice were treated with T4N5 liposomes, 
and after 1 h, the skin was removed for immunohistochemical anal-
ysis. Staining with anti-T4 endonuclease V antibody and goat anti-
rabbit antibody linked to gold beads revealed that the enzyme was 
present throughout the epidermis and in cells of the surrounding 
root sheaths of the hair follicle (Fig 6). Little staining was observed 
in the dermis. Sections of skin not treated with T4N5 liposomes 
showed no antibody binding (not shown). 
When similar preparations of UV -irradiated mouse skin treated 
with T4N5 liposomes were examined by transmission electron mi-
croscopy, multilamellar liposomes were found inside keratino-
cytes. Figure 7a shows liposomes in a keratinocyte at the 
junction of dermis and epidermis, and the liposome contains gold 
particles, indicating the presence ofT4 endonuclease V. Gold parti-
cles are also seen inside the nucleus. Collections of perinuclear lipo-
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somes containing gold particles were also found, and free gold par-
ticles were also observed inside the nucleus (Fig 7b). The average 
number of particles found inside 40 nuclei in skin treated with 
T4N5 liposomes and labeled with both antibodies was 12.3 ± 4.2, 
compared with an average of only 1.9 ± 1.5 particles in 40 nuclei in 
T4N5 liposome-treated skin stained with only the second (gold-la-
beled) antibody (p < 0.0001). In addition to keratinocytes, T4 en-
donuclease V was also detected inside Langerhans cells, which were 
identified by the presence of Birbeck granules in the cytoplasm 
(Fig 7e). 
The migration of cells that had taken up liposomes in the skin 
to lymph nodes was examined by double-fluorescent labeling. 
Shaved mice were treated epicutaneously with Dil-Iabeled T4N5 
liposomes and then the fluorescent antigen FITC; 18 h later, the 
draining lymph nodes were collected, and cell suspensions were 
prepared. Clusters of cells were observed by phase microscopy 
(Fig 8a), consistent with the appearance of an antigen-presenting 
cell surrounded by T lymphocytes [16]. In the cluster of three cells 
shown in Fig 8a, the upper cell contained the topically applied 
FITC (Fig 8b) and also contained the topically applied T4N5lipo-
somes (Fig 8e) . The result is consistent with the observation ofT4 
endonuclease V in epidermal Langerhans cells (Fig 7e) and suggests 
that antigen-presenting cells from the epidermis can take up the 
liposomes and migrate to the draining lymph nodes. 
DISCUSSION 
The topicalliposomes in this study, T4N5 liposomes, are multila-
mellar vesicles of approximately 100 nm in diameter. The liposome 
membrane encloses the 16-kD DNA repair enzyme T4 endonucle-
ase V and is destabilized in the acidic environment found intracellu-
lady [2], leading to fusion with cytoplasmic membranes. These 
liposomes are internalized rapidly (within 1 h) by keratinocytes in 
culture, as evidenced by the conversion of the Dil fluorescence from 
the punctate staining of the liposomes to the diffuse staining from 
fusion of the liposome membrane with cytoplasmic membranes. 
This uptake of liposome membranes is paralleled by the appearance 
ofT4 endonuclease V in the cytoplasm of cultured keratinocytes 1 h 
after treatment. Cultured keratinocytes have been observed by elec-
tron microscopy to endocytose lecithin multilamellar liposomes of 
approximately the same size within an hour [17]. Thus, keratino-
cytes, which comprise the large majority of cells of the skin, have 
the capacity, at least in culture, to endocytose liposomes, and the 
T4N5 liposomes have the ability to deliver their contents into the 
cytoplasm of keratinocytes. Whereas transport ofT4 endonuclease 
V into the nucleus probably occurs by passive diffusion, the elec-
tron micrographs indicate that the enzyme reaches the nuclear 
DNA. 
The T4N5 liposomes were also able to traverse the stratum cor-
neum and localize in epidermal cells of intact mouse skin, confirm-
ing the results of radiolabel tracer studies [5]. Within an hour, the 
liposomes penetrated into the epidermal layer and, of particular 
note, into the cells surrounding the hair follicle, including those of 
the sebaceous gland. Concomitantly, the T4 endonuclease V was 
found in similar sites in the epidermis and hair follicle, with much 
less enzyme present in the dermis. T4N5liposomes showed similar 
localized delivery of the endonuclease into the epidermis of human 
skin explants [5]. In the studies reported here, the liposomes re-
mained concentrated in the epidermis for at least 18 h, after which 
time the fluorescent label was lost. The delivery of the enzyme was 
liposome-mediated, because labeled, unencapsulated enzyme 
showed no epidermal localization. These results suggest that T4N5 
liposomes localize delivery of the enzyme to the uppermost layer 
of skin and its appendages, reducing systemic delivery and the 
risks of adverse side effects. Delivery of a DNA repair enzyme into 
cells of the hair follicle is of particular importance, because these 
cells are likely to be the progenitors for basal cell carcinoma in 
humans [18]. 
The penetration of T4N5 liposomes into cells of mouse epider-
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24h 
Figure 4. T4NSliposomes penetrate into mouse skin. Dil-labeled T4NSliposomes were used to detect penetration of the liposomes into mouse skin after 
topical application. Cryostat sections were examined at the indicated times after treatment by fluorescence microscopy using the chroma filter (left) and by 
phase-contrast microscopy (rig"t). The Dil appears reddish-orange and the hair shaft is pale blue. 
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Figure 5. T4N5 liposomes reverse UV-B- but not PUVA-induced 
systemic hnmune s~ppression. The contact hypersensitivity response to 
FITC (top) or the delayed hypersensitivity response to Candida albicallS (bot-
tom) was measured in mice that were either unirradiated, irradiated with 
UV -B, or treated with PUVA, and then left untreated, treated with heat-in-
activated liposomes (HI), or treated with active T4NSliposomes. 'p < 0.01 
versus the appropriate sensitized control group. 
mis and delivery of T4 endonuclease V into the nuclei was con-
firmed by electron microscopy. Multilamellar liposomes were 
found in the cytoplasm o~ kera~inocytes, and even in keratinocytes 
at the dermal-epidermal JunctIOn. Frequently the liposomes col-
lected in the pe~inuclear a:ea of the cells, as was suggested by the 
appearance of DII-labeled hposomes inside keratinocytes in culture. 
Antibodies against T4 en.donuclease V plus secondary staining by 
Im:uunogold-labeled antibody revealed the DNA repair enzyme 
Inside the nuclei of epidermal cells ill situ. These results provide the 
strongest evidence to date that liposomes traverse the stratum cor-
neum, penetrate into the epidermis, are taken up by cells of the skin 
and deliver their contents intracellularly. ' 
Of great interest to us is the uptake of T4N5 liposomes by im-
mune cells of the epidermis. We previously showed that UV -in-
duced systemic suppression of the immune response was abrogated 
by treatment with T4N5 liposomes [4] . Our working hypothesis 
has been that UV -induced DNA damage in keratinocytes triggers 
the release or production of cytokines that decrease immune re-
sponsiveness and that UV -induced cytokine production is inhibited 
by T4 endonuclease V delivered Ilia liposomes. The finding oflipo-
somes and T4 endonuclease V inside keratinocytes in murine skin is 
consistent with this hypothesis. However, the finding that T4N5 
liposomes were also present in epidermal Langerhans cells and in 
antigen-presenting cells within the draining lymph node raises the 
possibility that these cells are either the target of the UV-induced 
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Figure 6. T4N5 liposomes deliver T4 endonuclease V into mouse 
skin. Auti-T4 endouuclease V antibody was used to detect penetration of the 
endonuclease into mouse skin 1 h after topical application. Binding of anti-
~ody 111 d~waxed paraffin sections was visualized with gold-secondary stain-
1I1g and Silver enhancement (regiolls of black color) at the epidermis (arrow) 
and hair follicle epithelium (double arrows). 
immunosuppressive effect or contribute to it. Studies are presently 
underway to determine whether UV -induced impairment of the 
function of cutaneous antigen-presenting cells [16] can be pre-
vented by application ofT4N5 liposomes. 
. In summary, the micrographs presented here demonstrate that 
hposomes are taken up by keratinocytes and deliver their contents 
into the cytoplasm. After topical application to murine skin ill situ, 
the liposomes rapidly traverse the stratum corneum, localize in 
th~ epidermis and i~s appendages, and release the encapsu lated ma-
tenal, little of which reaches the dermis . In the case of T4N5 
liposomes, the encapsulated T4 endonuclease V was detected in 
the nuclei of epidermal cells. Langerhans cells also took up lipo-
somes, a~ld our evidence suggests that these cells migrated from the 
epidermiS to lymph nodes after contact sensitization. These results 
provide morphologic evidence supporting the conclusions that 
T4N 5 liposomes decrease UV -induced immune suppression [4] and 
carcmogenesis [5] by increasing DNA repair in cells of the 
skin. 
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Figure 7. T4NS liposomes enter cells of mouse skin and release T4 endonuclease V intracellularly. Electron microscopy of mouse skin 1 h after 
treatment with T4N5liposome revealed liposomes (L) inside the cytoplasm of a keratinocyte at the dermaI-epidermaljunction (DE) (a), liposomes (L) in the 
perinuclear region in a keratinocyte (b), and liposomes in the cytoplasm of a Langerhans cell (LC), identified by the presence of a Birbeck granule (arrowhead) 
in the cytoplasm (c) . Anti-T4 endonuclease V antibody binding to intracellular T4 endonuclease V was detected by secondary staining with gold particles 
(arrows) . 
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Figure 8. Cluster of draining lymph node cells contain both antigen and liposomes. Cells from the draining lymph nodes were collected from mice 
18 h after application ofOil-T4NSliposom~s.f~llowed by epicutaneous sensitization with FITC,.and were eX31Tllned by phase-contrast mlcros~opy (aJ. One 
cell in the cluster contained the contact sensltlz1l1g hapten (FITC), as detected by fluorescence microscopy with the green filter/barner set (bJ, the same cell 
contained Oil-T4NS liposomes, as detected with the red filterjbarrier (cJ. 
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